INTRODUCTION
no reports on the effects of C. butyricum on immune function, and only one research project (Zhang et al., 2011) on the effects of C. butyricum on cecal microflora in farm livestock has been published. The present experiment was conducted to investigate the effects of C. butyricum, as a probiotic, on growth performance, immune function, and cecal microflora in broiler chickens.
MATERIALS AND METHODS

Birds, Diets, and Experimental Design
All procedures were approved by the Institutional Animal Care and Use Committee of Zhejiang University (Hangzhou, China). Four hundred and fifty 1-dold male Lingnan Yellow broiler chickens were obtained from a commercial hatchery (Charoen Pokphand Group, Haining, China) . The Lingnan Yellow broiler chicken is a well-known chicken breed that is famous for meat quality in China. The birds were randomly divided into 5 groups, where each group had 6 replicates (15 per pen) for 42 d. The birds were raised in wired cages. Temperature was maintained at 32°C for the first week and then gradually reduced to 25°C. A standard management procedure was used throughout the experiment. All birds had free access to feed and drinking water.
All birds were offered the same antibiotic-free basal diets. The treatments were as follows: basal diet without addition (control), basal diet containing 1 × 10 7 cfu C. butyricum/kg (CB1), a basal diet containing 2 × 10 7 cfu C. Butyricum/kg (CB2), a basal diet containing 3 × 10 7 cfu C. butyricum/kg (CB3), and a basal diet containing 10 mg of colistine sulfate/kg (antibiotic). The birds were fed the starter diets from d 1 to 21 (starter phase) and finisher diets from d 22 to 42 (finisher phase). The nutrient levels of the diets (Table  1) were based on the Chinese nutrient requirements for broiler chickens (ZB B43005-86; Zhang and Zhang, 1998) . The C. butyricum was obtained from Zhejiang HuiJia Biological Technology Ltd., Anji, China. The strain of C. butyricum used in this study was HJCB998. It was grown anaerobically in a liquid fermentation tank at 37°C for 48 h, and then the cells were harvested by centrifugation and dried by spray-drying technology. The spray-drying powder was added to the feed. Colistine sulfate (Zhejiang Qianjiang Biochemical Ltd., Haining, China) was chosen as the antibiotic in this study because it is commonly used as a feed additive to prevent gastrointestinal diseases in China.
Growth Performance
Chickens were weighed individually on d 1, 7, 14, 21, and 42 to determine BW and ADG. Feed consumption and feed-to-gain ratio were not measured because a certain amount of feed wastage affected the results of the feed consumption measures in the trial.
Serum Immunoglobulins and Complement Components
Six broilers per treatment group were randomly selected, and blood samples were collected from the wing vein on d 3, 5, 7, 14, 21, and 42. Blood samples were allowed to clot at 4°C and centrifuged at 3,000 × g for 10 min at 4°C before harvesting the serum. Serum samples were stored at −20°C until they were analyzed. Serum IgA, IgM, IgG, complement component 3 (C3), and complement component 4 (C4) concentrations were determined by a sandwich ELISA using microtiter plates and chicken-specific IgA, IgM, IgG, C3, and C4 ELI-SA quantitation kits (Jiancheng Biological Engineering Research Institute, Nanjing, China). The ELISA procedure was carried out according to the protocol of the manufacturer, and absorbance was measured at 450 nm.
Cecal Microbial Populations
Six broilers per treatment group were euthanized via CO 2 inhalation to extract cecal contents on d 3, 5, 7, 14, 21, and 42. The cecum was ligated at both sides and removed from the gastrointestinal tract. Cecal contents were aseptically handled according to the following procedures. One gram of cecal contents per sample was accurately weighed out, dissolved into 99 mL of sterile saline solution, and homogenized for 5 min in a stomacher. Each cecal homogenate was diluted ex- actly 10-fold (10% wt/vol) with sterile ice-cold normal saline (pH 7.0). Diluted samples (0.1 mL) were inoculated into selective agar for further bacterial enumeration. Escherichia coli was incubated using MacConkey agar, and Salmonella was incubated using Salmonella Shigella agar at 37°C for 24 h. Clostridium perfringens was incubated using tryptose-sulfite-d-cycoserine agar in an anaerobic incubator at 37°C for 24 h. Lactobacillus, Bifidobacterium, and C. butyricum were incubated using Luria-Bertani agar, Briggs liver agar, and ManRogosa-Sharpe agar, respectively, in an anaerobic incubator at 37°C for 48 h. All agars were obtained from Land Bridge Technology, Beijing, China.
Statistical Analysis
One-way ANOVA was performed using SPSS 15.0 software (SPSS Inc., Chicago, IL). Differences among means of the dietary treatment groups were compared using least significant differences. A significance level of P < 0.05 was used.
RESULTS
Growth Performance
Birds fed either the CB2 or antibiotic diet had greater (P < 0.05) overall BW than those in the control group (Table 2) . Birds in CB3 group had greater BW (P < 0.05) than those in control group on d 7, 21, and 42. Birds fed either the C. butyricum or antibiotic diet had greater (P < 0.05) ADG from d 1 to 7, and birds fed either CB2 or CB3 or the antibiotic diet had greater (P < 0.05) ADG from d 21 to 42 and d 1 to 42 compared with the control group. No significant differences were observed in BW and ADG among the CB2, CB3, and antibiotic groups. There was no significant difference in BW or ADG between the CB1 and control diets.
Serum Immunoglobulins and Complement Components
Birds fed either the C. butyricum or antibiotic diet had greater (P < 0.05) serum IgA concentrations compared with those in the control group from d 14 to 42 (Table 3) . Both the C. butyricum diet and the antibiotic diet increased (P < 0.05) the concentrations of serum IgG from d 14 to 42, and both diets increased the concentrations of serum IgM from d 21 to 42, compared with the control diet. Broilers fed the CB2 or CB3 diet had greater (P < 0.05) serum IgA, IgG, and IgM levels than those fed the antibiotic diet from d 21 to 42. The concentrations of serum complement component C3 in the birds fed the CB3 diet were greater (P < 0.05) than birds fed the control or the antibiotic diet from d 7 to 42 (Table 4) . No significant differences were observed in serum complement component C4 concentrations among the 5 treatments.
Cecal Microflora
The addition of C. butyricum significantly decreased the population of E. coli in cecal contents compared with the control on d 14 and 42 ( Figure 1 ). The number of cecal E. coli in broilers fed the CB2 diet was less (P < 0.05) than that in the control group on d 7. The population of cecal Salmonella was decreased (P < 0.05) by supplementation with the antibiotic from d 5 to 21 (Figure 2) . Supplementation of C. butyricum decreased (P < 0.05) cecal Salmonella compared with the control diet from d 14 to 42. There was a dose-response relationship to C. butyricum in the diet with regard to Salmonella in cecal contents on d 14 and d 42. The population of cecal C. perfringen was decreased (P < 0.05) by supplementation with the antibiotic from d 5 to 14 (Figure 3 ). The number of cecal C. perfringen was less (P < 0.05) in broilers fed either the CB2 or CB3 diet than those fed the control diet from d 14 to 42.
Dietary supplementation of CB2 or CB3 increased (P < 0.05) the counts of Lactobacillus in cecal contents on d 21 and 42. However, supplementation of the antibiotic decreased (P < 0.05) cecal Lactobacillus from d 7 to 42 compared with the control diet (Figure 4 ). Supplementation of CB2 or CB3 increased (P < 0.05) cecal Bifidobacterium counts on d 7, 21, and 42, but supplementation of antibiotic decreased (P < 0.05) Bifidobacterium from d 14 to 42 compared with the con- 1 Each mean represents 6 replicates. Control = birds were fed a basal diet; CB1 = birds were fed a basal diet supplemented with 1 × 10 7 cfu C. butyricum/kg; CB2 = birds were fed a basal diet supplemented with 2 × 10 7 cfu C. butyricum/kg; CB3 = birds were fed a basal diet supplemented with 3 × 10 7 cfu C. butyricum/kg; Antibiotic = birds were fed a basal diet supplemented with 20 mg/kg of colistin sulfate. trol diet ( Figure 5 ). Birds fed with the C. butyricum diets had greater (P < 0.05) overall cecal C. butyricum counts compared with the birds in the control group ( Figure 6 ).
DISCUSSION
Evidence has been presented that probiotics promote the growth of broiler chickens (Cavazzoni et al., 1998; Zulkifli et al., 2000; Kalavathy et al., 2003; Lan et al., 2003; Timmerman et al., 2006; Apata, 2008; Zhou et al., 2010) , although several studies did not report beneficial effects on growth performance (Li et al., 2008; Czerwiński et al., 2010; Lee et al., 2010) . Generally, it is difficult to directly compare different studies using different probiotics and different administration levels because the efficacy of a probiotic application will depend on many factors.
In the present experiment, adding C. butyricum at 2 × 10 7 cfu or 3 × 10 7 cfu/kg of diet improved the ADG in broiler chickens. Zhang et al. (2011) reported that dietary C. butyricum had no effect on growth performance in broilers. The exact mechanism through which C. butyricum promotes growth performance is considered to be complex. One of the recognized reasons is that C. butyricum produces large amounts of short-chain fatty acids, such as butyrate and acetate (Nakanishi et al., 2003) , which are an energy resource for animals and exert proliferative effects on colonocytes (Topping and Clifton, 2001) . Butyrate is an effective therapeutic agent for patients affected by congenital chloride diarrhea and can help maintain remission in inflammatory bowel disease patients by promoting mucosal cell proliferation and accelerating the healing process in animal models and human studies (Tuohy et al., 2003; Canani et al., 2004) . Studies showed that C. butyricum 1 Each mean represents 6 birds. Control = birds were fed a basal diet; CB1 = birds were fed a basal diet supplemented with 1 × 10 7 cfu C. butyricum/kg; CB2 = birds were fed a basal diet supplemented with 2 × 10 7 cfu C. butyricum/kg; CB3 = birds were fed a basal diet supplemented with 3 × 10 7 cfu C. butyricum/kg; Antibiotic = birds were fed a basal diet supplemented with 20 mg/kg of colistin sulfate; C3 = complement component 3; C4 = complement component 4. a-c Means in the same row with different superscript letters differ significantly (P < 0.05).
1 Each mean represents 6 birds. Control = birds were fed a basal diet; CB1 = birds were fed a basal diet supplemented with 1 × 10 7 cfu C. butyricum/ kg; CB2 = birds were fed a basal diet supplemented with 2 × 10 7 cfu C. butyricum/kg; CB3 = birds were fed a basal diet supplemented with 3 × 10 7 cfu C. butyricum/kg; Antibiotic = birds were fed a basal diet supplemented with 20 mg/kg of colistin sulfate. improved stool consistency (Fujita et al., 1986; Ito et al., 1997) and prevented antibiotic-associated diarrhea in humans (Seki et al., 2003; Imase et al., 2008) . Our data showed no significant differences in BW and ADG among the CB2, CB3, and antibiotic groups. The result indicates that C. butyricum has similar effects to the antibiotic colistine sulfate in the growth performance of chickens.
Several studies declared that probiotics have beneficial effects on immune function in animals (Steven, 1988; Schiffrin et al., 1995; Kabir et al., 2004; Koenen et al., 2004; Mountzouris et al., 2010) . Supplementation with probiotics and astragalus polysaccharides increased the Newcastle disease antibody titer, Tlymphocyte percentage, and immune organ relative weights in chickens (Li et al., 2009) . It is well known that complements and immunoglobulins are usually used to evaluate the immune status of birds due to their important roles in immune function. Perdigon et al. (1995) reported that L. casei, L. acidophilus, and Figure 1 . Effects of Clostridium butyricum on cecal Escherichia coli population in broilers. Bacterial number is expressed as log 10 colony forming units per gram wet digesta. Each bar represents the mean for 6 birds per treatment ± SE. a-e Within the same day, bars with different letters differ significantly (P < 0.05). Control = birds were fed a basal diet; CB1 = birds were fed a basal diet supplemented with 1 × 10 7 cfu C. butyricum/kg; CB2 = birds were fed a basal diet supplemented with 2 × 10 7 cfu C. butyricum/kg; CB3 = birds were fed a basal diet supplemented with 3 × 10 7 cfu C. butyricum/kg; Antibiotic = birds were fed a basal diet supplemented with 20 mg/kg of colistin sulfate. Figure 2 . Effects of Clostridium butyricum on cecal Salmonella population in broilers. Bacterial number is expressed as log 10 colony forming units per gram of wet digesta. Each bar represents the mean for 6 birds per treatment ± SE. a-e Within the same day, bars with different letters differ significantly (P < 0.05). Control = birds were fed a basal diet; CB1 = birds were fed a basal diet supplemented with 1 × 10 7 cfu C. butyricum/kg; CB2 = birds were fed a basal diet supplemented with 2 × 10 7 cfu C. butyricum/kg; CB3 = birds were fed a basal diet supplemented with 3 × 10 7 cfu C. butyricum/kg; Antibiotic = birds were fed a basal diet supplemented with 20 mg/kg of colistin sulfate.
yogurt enhanced the number of IgA-producing plasma cells in a dose-dependent manner. To our knowledge, no study has been performed to investigate the effects of C. butyricum on immunoglobulin and complement concentrations in broilers. Our analyses found that diets with 2 × 10 7 cfu or 3 × 10 7 cfu C. Butyricum/kg of diet promoted serum IgA, IgG, and IgM from d 21 to 42. This was similar to the results of Murayama et al. (1995) that showed IgA, IgM, and IgG in Peyer's patch-cell cultures were increased in the presence of C. butyricum MIYAIRI 588. Other studies also showed similar results in which the supplementation of probiotics increased plasma antibody concentration in the growth phase of broiler chickens (Mountzouris et al., 2010) , the weights of the spleen and bursa of broilers (Kabir et al., 2004) , and the production and persistence of antibodies in response to antigens (Ahmad et al., 2006) . The results of the present experiment indicated that the C. butyricum may have beneficial effects on the immune system. Future studies will be required to address the role of this organism in the development of immunity in chickens. Bacterial number is expressed as log 10 colony forming units per gram of wet digesta. Each bar represents the mean for 6 birds per treatment ± SE. a-e Within the same day, bars with different letters differ significantly (P < 0.05). Control = birds were fed a basal diet; CB1 = birds were fed a basal diet supplemented with 1 × 10 7 cfu C. butyricum/kg; CB2 = birds were fed a basal diet supplemented with 2 × 10 7 cfu C. butyricum/kg; CB3 = birds were fed a basal diet supplemented with 3 × 10 7 cfu C. butyricum/kg; Antibiotic = birds were fed a basal diet supplemented with 20 mg/kg of colistin sulfate. Figure 4 . Effects of Clostridium butyricum on cecal Lactobacillus population in broilers. Bacterial number is expressed as log 10 colony forming units per gram of wet digesta. Each bar represents the mean for 6 birds per treatment ± SE. a-c Within the same day, bars with different letters differ significantly (P < 0.05). Control = birds were fed a basal diet; CB1 = birds were fed a basal diet supplemented with 1 × 10 7 cfu C. butyricum/kg; CB2 = birds were fed a basal diet supplemented with 2 × 10 7 cfu C. butyricum/kg; CB3 = birds were fed a basal diet supplemented with 3 × 10 7 cfu C. butyricum/kg; Antibiotic = birds were fed a basal diet supplemented with 20 mg/kg of colistin sulfate.
The cecum is the most heavily populated gastrointestinal region, the main site of fermentation in the gastrointestinal tract, and harbors a diverse microbial community (Mead, 2000) . Supplementation with the probiotic Lactobacillus was found to significantly reduce the number of C. perfringens in the cecum of 4-d-old chickens (Perdigon et al., 1995) . Dietary probiotics significantly decreased coliforms in the excreta samples after 3 wk of breeding (Biernasiak and Slizewska, 2009 ). Jin et al. (1998) claimed that adding L. Figure 5 . Effects of Clostridium butyricum on cecal Bifidobacterium in broilers. Bacterial number is expressed as log 10 colony forming units per gram of wet digesta. Each bar represents mean for 6 birds per treatment ± SE. a-d Within the same day, bars with different letters differ significantly (P < 0.05). Control = birds were fed a basal diet; CB1 = birds were fed a basal diet supplemented with 1 × 10 7 cfu C. butyricum/ kg; CB2 = birds were fed a basal diet supplemented with 2 × 10 7 cfu C. butyricum/kg; CB3 = birds were fed a basal diet supplemented with 3 × 10 7 cfu C. butyricum/kg; Antibiotic = birds were fed a basal diet supplemented with 20 mg/kg of colistin sulfate. Figure 6 . Effects of Clostridium butyricum on cecal Clostridium butyricum population in broilers. Bacterial number is expressed as log 10 colony forming units per gram of wet digesta. Each bar represents mean for 6 birds per treatment ± SE. a-d Within the same day, bars with different letters differ significantly (P < 0.05). Control = birds were fed a basal diet; CB1 = birds were fed a basal diet supplemented with 1 × 10 7 cfu C. butyricum/kg; CB2 = birds were fed a basal diet supplemented with 2 × 10 7 cfu C. butyricum/kg; CB3 = birds were fed a basal diet supplemented with 3 × 10 7 cfu C. butyricum/kg; Antibiotic = birds were fed a basal diet supplemented with 20 mg/kg of colistin sulfate.
acidophilus or a mix of Lactobacillus bacteria into the chicken's diet significantly decreased the number of coliforms in the cecum on d 10 and 20 of breeding. Li et al. (2009) reported that supplementation with probiotics and astragalus polysaccharides increased Lactobacilli and Bifidobacteria numbers and decreased E. coli in the ileum and cecum of chickens on d 21 and 42. Other studies have also demonstrated that probiotics fortify the intestinal microflora of broiler chickens with beneficial bacteria and suppress potentially pathogenic bacteria (Koenen et al., 2004; Teo and Tan, 2007; Higgins et al., 2008; Vicente et al., 2008) . Ng et al. (2009) , in their review, indicated that probiotics may influence the host intestinal microbiota by various means, such as regulating local mucosal cell-mediated immune responses, facilitating the production of antibodies, promoting epithelial barrier integrity, reducing epithelial cell apoptosis, augmenting toll-like receptor signaling, and other mechanisms. Takahashi et al. (2004) reported that the probiotic agent C. butyricum MIYAIRI 588 has prophylactic and therapeutic effects on Enterohemorrhagic Escherichia coli O157: H7 infection in gnotobiotic mice. One kind of bacteriocin produced by C. butyricum may inhibit the growth of pathogenic clostridia (C. pasteurianum, C. perfringens, and C. difficile) in the intestinal tracts Morris, 1976, 1982; Nakanishi and Tanaka, 2010 ). In the current experiment, C. butyricum inhibited the growth of cecal pathogenic bacteria, such as E. coli, Salmonella, and C. perfringens, and promoted the growth of Lactobacillus and Bifidobacterium. This was similar to the result of Kong et al. (2011) that showed that C. butyricum benefits the ecosystem of the intestinal tract by increasing the populations of Lactobacillus and Bifidobacterium and reducing the C. perfringens in mice. Broilers fed C. butyricum-supplemented diets increased populations of lactic acid bacteria in cecal contents at the age of 40 d, but supplementation with C. butyricum did not affect the numbers of coliforms (Zhang et al., 2011) . Dietary C. butyricum induced higher acetic acid, butyric acid, valeric acid, and total short-chain fatty acids in the cecal digesta of broiler chickens. This in turn promoted the growth of beneficial bacteria and lowered the pH of cecal digesta, which inhibited the growth of pathogenic bacteria (Zhang et al., 2011) .
In conclusion, the results of the present experiment indicated that C. butyricum promotes growth performance in broilers and that a 2 × 10 7 cfu C. Butyricum/ kg diet or a 3 × 10 7 cfu C. Butyricum/kg diet might be the appropriate level of supplementation. We suggest the use of C. butyricum as a dietary probiotic to benefit the immune function as well as the balance of the intestinal microflora in broiler chickens.
